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jl^QgnOO TimJIATlOW OF MTCFOBIAL RMCTIOKS "' 
HiBrol)e reactions, i.e,, feimeiitatioiL, ait* tHe 
^aoloelr.al couvexeioix of a f eedatocv, i.e. , a subatratc 
to a metabolite. I.e., a rroduet, by the actions of 
5 min-TObss. Micpobc ireacticns are efcaracte-rized by tbe 
srowtli of the microbe, aaid the aubsequoiit formation of 
a metabolite product. That is, substrate ijs used " " 
initially for the growth and maint«nanoo of the mici-obes 
and subs«auently for both the growth and malntsnar^ce of 
•10 The mxcrobes and for the formation of product. I^uot 
Xoiaation is related to the concenti-alion or subfitT^te- - 
th« aonocntration of iniorobee. 3.r^ the.yi^ld oocffioieits 
of proQiict and microbes with reepcet to the substrate. • 
Moreover, the concseafcrafcioa of.microbeR is' a function of 
-15 -the specific grovth rate of the aicrobea, and the yield 
^.oefficient of the aicrube^ with resper.t to the subatrate 
Peiaeatation reactions «e tTpicully sIok reactions" 
IGhat is, they require long residence time» i.e, higih 
ratios or reaction medium vol-ume per uniT voluae of 
20 prodnation per unit tiae. They alao.have a Tone initia- 
-biMi time. That la. metabolite product cannot be foW 
in large gu««:itiee until high concentrations of microbe 
aro present. ITuLilent, Lei, substrate, is initially 
utilized p..i.inariay to ^ow and maintain laicrobes. and 

25 *^^^«-^er it is utilized to a greater extent to fora " 
mebttboUte product. 

Moreover,, the reactions, involving microbial growth 
ond divisxon, ar-e ccaplex, Por example, when the 
«it«.obes are bacteria, cell gx>uwth and divieio,,. is by ' 
30 fxesaon, i.e., an individual cell will double in mass 

and content of cell conetitueirts , and then spl.it into two 
xdentioal daughter cells. way of contrast, yeasts 
. are a class of microqr,soni8m that gi^ow and divirte by 
"Picons, Ihat la. a bud vill grow on an individual cell 
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omtll It xotLtdhMB the si^e? a£ the original celli and .then 
separate,, leaving a bud scar. Tungi grow by chain 
onlongation and brancbinR, with bj.*uwL1i px*oceeding 

from the tip of the nycelium through the foiroation of 
5 septa between individnal cells* Cell dlvislojj loixy 

require anywhere I'rom IJj minutes 1:o* en hotir for bacterial 
grovth, from ^5 minutes to 2 hours for yeast etrowth, and 
from cne to eigkil: hours for fungi, at* mycftliaT growth. 

The specific path of product ^THthesiSi i*e«| the 

iO reacting pai:ti ror -fine formation of the jnfttahol5.l;e 

product from 'the oubctrato or nutrient ic not clearly 
understood for every fermentation reaction. Hovieirer, 
it io believed to depend upon microbe growth and 
tioncenCrationt nutrient utilizarioiit and metabolic 

1$ controls • 

It' has now been 'found that the reaction rate of 
fermentation reactions, that is, the yield per unit time, 
imit voluiue, unit nutrient or substrate concentration, 
and unir microbe * concentration is enhanced by the 

20 . application of an alternating or pulsed high frequency 
el<=sctr5.c fiftlri to thfi reacti on TnedTiim of mscrohes, 
substrate, and nutrienta. 

As used herein, the terms ''f errmentation" , 
"fermentation rcaofeionc'', and ^^reaotione utilising 

23 fermentation techniques " include aerobic and anaerobic 
metabolic activity of a microbe or microbes in which 
chemical changes are brought about In an orgenlc or 
inorgsnic substrate, and any process mediated by or 
involving microbes or micr'oorganiems in which a prodiict 

30 accrues « 

As used herein, the terms "microbes", "microbe**, 
microorganisi'»s " , and '"micro-organism" include prolcaryotea 
and eukaxyotes, "Ibrokaxyotes", as used herein, means 
unicellular microorganisms, including bacteria and 

35 unicellular blue-green algae. "Sukaryotes"| as used 
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ierein, ueans amlti-cel.lulM? nieroorganiBmo , incladinB 
fungi, 7Ra«ts aad aotiaoiiyoetcs. . As- ueed hexvliii tlie 
terms* "microbes", "microDe", . "inicroo2?B«(ni8M" and "micro- 
organi.sm" include immobiliaed microbea smd syBteofi 'anH 
5 fltructrurea of Imiuubiliaed microbes as well as aon- 

Imthobilized microbes. Aa used berein, llic terms "micrnhes", 
"microbe", "microorganisms", and "microorganiaai" include 
■botb. natiiirally oceutsdns B-bxaixta end aitificial 
apeoombiaant ■ stx-ttins , 

10 Feimentation roactioao, i.e., fongus, yeast, • aotin- 

omycotes,' and* bacterial fezmeatatloT) reactions are 
•Qtilissed industrially. Peraentation reactions ure capable 
• of wider industriaa' asep baaed -upon raw nateriiT avail- 
ability eid costs, by*produ«fr usage, and increased 

^5 JJeactioa rateis. 

Accorddixg to tne invention described herein, aay 
• or an of- tbe reaction rate, the innoculum build up, or 
efficiency ot convsrsioT). are increased by electrical 
stimulation. Electrical otiraulaUlun.may be utilized to 
20 -'.reduutt tbe time .reouired fo carry out tbe' reaction or to 
increase the' productivity of a given unit of productian, 
that is to increase tbe number of batches that can be 
renmeritetf in a s^'^ea " reaction vcosel. 

"Or electrical sLajnulation is meant the application 
25. of a pulafid or alternating hi^ frequency electric 

V. signal field 'across the broth whereby to pass an eTeR-trical 
' current through the broth, e.g., by inserting electrodes 
- . in the broth, inadcr conditions which increase the rate 

of the wiorobial reaction, • while subsTbaufcially avoidajag 
30 significant destruction of the micro-organisms, e.g., 

fungi, bacteria, yeasts or actinqmycetesi, the reactastfl.. 
e.g., rhe substrate, or the product a. 

It has been found Lhab a frequency of from about 1 
tilohertz to about lOOO kilohertz is partioulorly 
35 satisfaotoxy in canying out the method oX this invention. 
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•iiie electrical stizrulatioa electrical curreat 
may. be an alternatiag current or poils^d direct current. 
It should have p, frenueiiey of tram- pJbbut 1 kiloheaxtz 
tu about 1000 kilohex't^t alCliuuKii Xx-e^iuencitJS- below . 
5 about 10 megab^rta. laay be used' as veil m frequencies 
above about 0*1 kiiloberts w^th .aojoe. increases in ir^eld« 
Howr.ver, care should be talcen e^g, by using s freq.uecQcy 
« ' above about 0*1 kiloherte, to- avoid large /amounts ot 
electrolysis! occujoriTie withjjn the reaction Tnftflium at 

^0 low frequencies, . 

oaiB method 6l this -invention may advantageously be 
carried out at various ranges of the clpotrolyfeic 
vexiables, i.e., electrode area^ inter-electrode spacing, 
inter-elDctrodo volume, jpurrent, cu2?r©nt densidbyi 

15 current per uiiit inter-electrode volume, current .per 
unit broth volume, vcjltage, yol-ta-ge .per unit inter- 
electrode spacing, povrex*- pei: -unil; Xiitex^-elecl^rdde volume » 
power per unit broth V6lume, and. fregyien^^-' 

for example, the method of this • invention has b^en 

20 • carried out utilizinc SaccharomyriBS ftftrv5sxa« to ferment 
glucose at currents per unit interelectxode. volume of 
from ahout 1 x 10^ .milliamperes per cubic centimeter 
•bo about 50 PC 10^'. aillicmpcres per oubio centimeter of 
inter-electrode vplxime, at currents per unit bro1/h 

25 volume of from about 1 x 10*^ lailliamperoe per cubic- 
centimeter to. about 50 x 10*^ milliamperes' per oubio 
centimeter of broth, current densities of about 2 x 10"^ 
*. millian^eres pex* .square * c^tluiet-er to 5 ^ 10 milli«- 
aa^jeres per square eeostimeter of eTjectrode area, voltage 

5P rixixes of 0^1 to 3 millivolts per -ccntimetejc of inter-p 

electrode spac^e, nntRr electrode power dissipations of 0.2 
.X 10""^ watts per cubic centimeter, to 6 x 10^7 watte per 
ctabic centimeter of inter electrode volume and broth- 
power dissipations bf 0v2. x 10"*^ watts per cubic ccnti- 

55. meter of brot:h volume to 8 x lO""® watts . per cubic 
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eentimet'er of broth volume. Hectrulybio variatolea, i_. 
currents, voltasee, and power dissipations, oad products 
and quotients tUcreof , out«ide Ihs above ranges may be 
utilized as long as oa^A is taken, by aTroidans aimatau-' 
5 eous astomer of the xanges, to avoid destruction of tba 
micx'obes ; 

Aeoordiiis to one exenplif ioation oX tlie mR-fehod 
.- bereln contemplated, a reaction aedium of a bexose, 

e.g., 6l^ooee, otber nutrients, and a yeast, SaccbaTHPinycefl 

10 cerevisiae is- provided. A pair of electrodes arc spaced 
about ti. to about 7 oentajteters froai eacb otber within 
the broth, and an electrical current at: a oiirront density 
or about .0.1 to about O.J adJaiemperes per sgoare 
centiiue-ttjx- of electrode area is passed throu^ the 

15 reaclTion medium at a frequency of about 100 JLLlohertz to 
about 1000 lEilohert;4. la this way, irive yield of pEodrwt 
per miit of substrate per unit time as increased by 
about 15 to about 20 percent compound with the result 
without electrical stismlatlon. 

20 Aooordins to an alternative exemplllication at the 

method ol this Invention, s reaction broth of a 
bacterium. Buoh as bacillus polrigyta or Bacillus linh^^- 
f omnia, and glucose are prepa-rftd. !Che fezmentation 
. reaction is then ccu-ried out while an alleinating ctrcrenc 

25- having a fi'emiency of about 1 fcLl.ohertz to' about 1000 

JcilohftTtz. an imposed voltage signal sufficient Lo provide 

- . a cuarrent of 1 x lO'^ milliaa^eres per cuhlc centimetobs 
of intereleetrotJe volume snd 10"^ to 5 aillioatpers per 
liter of oelution is ajnposed aci-oas the broth, 'i«he 

50 resulting products on rate of butane did ia increased 
by about 20 percent comtsared with t>i« -roo^-n*: 
»leotrlcal stiTnulation. 

Ihc method of electrostiiuulated fermentation herein 
described is useful with single cell blue-sreen algae, 

55- bacteria, yeasts, and actinouQrceLBs, Suitable yeasts' 
are for example, beker'e yeast end brewer's yeast, i.e., 
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6in5le cell y.eaEit of the SaccbarongrcoS dicae eP^oup, as 

exenpllf led by Saceharoigycee - oerevlalae ^ " 

{Ehe meth&d c£ clcctroatT mx\ ar ed fexmenfration Is 

useful with various reedst'ocks. Exen^laiy -a^^a vari.oujsi 

5 carbohydrate substrates.* By carbohydrates \m laeen for 

example polyhyteo:^ .allcehyaes, polytiyclro^ icetonee, and 

subs canoes that yield polyhydro^ aldehydes or poly- 

' hyC^'uxy k*?Loxie6 upua uydjL-olysiB lor sacchariXication- 

£bcemplaxy c^hohydratee. are sugars | l.Om '.cacohoridee. 

10 Ihe sacuhai'ldida userul ia Lhe method or this . IxLyentiozi 

xaay he monosaccharides, .i.0,^ carVohydrateo incapahle of 

Xux^lhex* Uydi-gl^:^is.« ux- poly saccharides , d..e«. carhohydrates . 

that yieltd monosaccharides upon hydrolysis or sacchar-f 

ificatioii. Uatux'sLUy uuoujl*js:1iik Siicchiirxdea xiseful as 

. • • • 

1$ euhstrates in the methods- of rhisr inviention include 
heptoseS) hexoses, pentoiaedy tetroses, trloae^ homo- 
polyj^accha-pj ri.i>s thereor, anri. heteropolyS5»ccharides thereof^ 
GKemplaxy hexoscs , include slucosc'i fructose^ mannose^ 
galactose, and the fructose-^gluoose. dlssacharida, AiicroAe* 

20 Ibcoxaplary pentoses include. arahinosc^\a<yloaey rihose, and 
apxose. Exenrplazy polysaccharides .Include sucrose, 
mentioned ahove, maltose, -lactone, .raffinosc, starch, 
glyuu^en, cellulobii, peel ins, chit in, inulin, agar» 
hemic ellulcses, plant gums and mncilages,.' and izamuno- 

25 polysaccharides* Uj^ carbuh;ydx'al/tit> * we- d^bso mean sugar 
alcohols, e.g. sorhitnl, Tn^nnitol, grlactitol, or. the 
inositols, ^adustrial sources of carbohydrate include, 
hy wcj of exeiqplification manure, cellulosic wastes, ' 
molasses, vhey, -sugar, grain starolxpef, .03d hyproduct 

30. caxiDOhydrates. .Sultahle grain ^tarcihea ^include hy -way 
of exemplification- com, com stover, \aicaLt> harlcy, 
straw,* and bapasise, 

Amino acide m^y he utilised sts' suh^trates for 
f cxiutjiLaLiua L^i>e rttaeuioiia^ They jnky..'be recovered as 
^ 35 prodticts of f eraGntation type reactions, or they may he 
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iateimediatee, produced in one feiaeatatiaa type 
reaction as a substrate lox ^ su^segaent t^x^entation type 
roactxoa. E^en,plary ^Ipts^o aod da- include 151701^.^. 
5 cvr^' I-leucine, «eriue, threoninl. 

Z''':^^' methionine, phenylalenine , tyrosine. 
prol:u^« tryptopw, lyaine. ax-sinlne. histidioe, • aopa;bic 
ucxd, and glutamic acid, ajhe above cnuaeratioa is 
..• intended to be excaplaiy. and not excluaionaxy. 

Oth^r substrates which may i>e utilised are, for 
iO example, hydrocarbono , e.g., aliplxatlc hydrbnarbone 

oaxbocyolic bydx-ocai^ons. and heterocyclic hydrooarbona. 
As «Hed herexn, l^drocarbone include, substituted bydro- 
carbone, e.g. haloRenated bydrocarbons, and bydrocarbons 
Wbig one or more funotibnal groups, e.g. alcohol, • 
15 ketone, aldehyde, acid. etHer, arnine, anidine. K-afei 
,a^de, ir,ir-diaJiTrl «aide, ionidic eater, iaide; aldl:Ine, 
ketijimMj, thiol, thio ether, dlsulfi.dft. thio acid 
ditlixoacld. thio aldehyde, thio ]cotone, sulfonium! 

20 phxt«, phoaphliie,.phosphonate, phcephate, orthoo^ionate 
carbonate, chloroioimate, cai^bamate, carbamide Cineludin^ 
xixea), JT-alkylurea. caliylurea, oyanate, isocyaaaLe, 
carbodiimide, xanthate. thiocea>bamate , thiocyanata, 
ioothxocyeiiate, diaaoate, or diezoeyamida groupo. 

25 .many caeee the substrate ia a dilute pollut^it.- and is ' 
degraded or .metabolized to a noTi-poiiuting prodact " 

. . • The method of electroatimulated fermentation taay 

be ut:L^«ed with both aerobic and anaerobic f e«.ontat[ans, 
. ^ =lectrost,mxxlated fermentation ia useful ia tHe 

30 ondustrxol eoale production of any product that can be 
produced by renuentatton tpchniquea, aa described 

hereinabove. Theae wnA^^^r- t t-j- ^ - 

- - ^ JJXWJ.UU.C i,ae lOixovintt, viiiot 

enumeration is e:>ce„,,la^ and not exciuaionary: anil- 
^-^^^^'^^i organic solvents, f or .^le. alcohols , e.g., 
35 butanol,.e,hanol, and axryi alcohols, ketones, e.^. afeione. 
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gaoeai e«e« carbon dioxide and hydrogen-i beverages « e#K« 
wines » beepR and lianora; foods, e.c* chBeses, fermented 
tolUcSf pickles ) setaerlcraut, soy sauce^ yeast, vinegar^ and 
nniflbroOTos; Tlavoring agents e^g. monosodium glutamatej 
5 organic acids and hydroxy acids e«s» lactic acid, aot^lio 
acid, cntrSc acid, Blucon5.c acid, "butyxic acid, rumaric 
acid) and itaoonic acid; glycerol; ' amino acids, e^g* 
Ir-glutaaiic acid and L-lysine; steroids; organic trans- 
formations^ including steroid^ alkaloid, and ajitibiotlc 

10 trans! onaarions ; yeasts, including Xood yeasts and 

flTiTinal feed yeasts, legume izmoculants pesticides, c»g« 
microbial and bSicterial pesticides; vitamins and growcii 
etiimilantei e«g. vitamin 3 12 vitamin A, riboflavin and 
gibberallcines ; en^Tmes including amylases, proteolytic 

i5 enzymes, pectinaees, invernases,. and collulases, inter 
alia; fai^s; rali^ acids; alcubuls; futile; and IijcLl'o- 
carbons* 

The electrQabimulaLion meiliud liex'eiu coutemplated • 
xaay also be used for tbe control or destruction of 

20 * delebt^riuus substances, e*g., pollutants, and aqaeuus 
dispersions, euj=:petis3cnR and jsolutions of Jiydrocarbons 
or balocarbons, Including polTuars thereof « 

Uhile tlie electrcstinrolate fermentation metliod 
described lierein above is useful vriLtb vorioue microbes 

25 . in various fermentation reactions, tlie metliod of tbis 
* invention may be exemplified by tbe Weizmann Process fcr 
tlxe bacterial fermentation of starch to yield n-butyl 
alcobol, ethyl alcohol, and acetonp.; thft pT^odiiction of 

' ' ethyl alcohol by the u^e of Hhizopua f omosiSLeiisi a , 

50 BaccharoTnyoea eervisae , Saccharomyoes uvarium , o:r 

Aopergillug foetiduO T the production of acetic acid 
utlliaine Acct obact el alcotiolo jbllus < lactobacillus 
plant crmn , or Polyporue palustris ; the production of 
acetone utilizing Clostrid±vms ; the production of but and 

35 utlliaing Cloatridiume ; the production of glycerol 
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tJie production or scetie acid uoins lii^i^jStS?^' 
i^ai£5 the production of wines iisinc Saecharogycea 
chevalier i, Saccharoanrcea o^..,,, SacctoornvGesT ^...4 
5 Saooharo52:oea_vafer, SacehaTom;rr.^» -..^r..- , nw^^^yT^ ' 
riorep1;lna , Sacgharoipyoco acetl. or Saccharomvcps" n-^^.^.. 
the production oJT edible protreina Titilizins Chactoniua ' 
. «ellalo.l7tiium, Goot^^oum^candito, .Candida utllla 

Gcllulmcmaa or Alcaligenea ..y. ^--^^i^rt- m, of 

10 antUroduiuones utilising Chgaospori um laerdariim. 

Hc^inthBporiuia cvnadoTiHTig, or Pftnlcilliuia ialandie-^i,. > 
-the prodJiction of antibiotioo utilizing Szssochl^ * 

Zi^a xium eo„uIaelo , Gllocladi.m, AspergjlluB ani:.'..., ,, 
Asperpillus ..ulph^^eus , PeniciUium cyJ^^^Jn, Jg^^^^^^ijTW" 

15 S S^engi , Penicillium pall bans. Penicillin. 

•Aggegg lllug n±d.>nane , P^nicillxv^ oh^»f. , ^^^^^^j^y^ 

— aoroaonlun 3trictua, OephalasT^ori^^. chrrs^p^^.^ ; 
Bgrr atxa x»»bidaea, StreptoTOm^rW^^d^i.^ , cj^^^gi::^-" 

. c tlatiliffoTis , Sfcreptonyoea .l.i^gsxi , Aciaeto1>ac1:e-r r.«i 

20 aceticus , Ba^lllua aa^^,,.,, Jiacnius lirhenif oxmia . ~ 
.Bacilii,s eubtilis; the p^^oduction bf " Ir-arisiaine by 

. Bacillus aubtllis , Brerlbaeterf^,n fi , Opxynebacta:ri^^ 

jglatamicufli, or Brotamxao baotor th±^yr<.,r^ v.7^.!i. 

25 ortl!t^°>^ V"^^' £3cheri.c.5a; the production 

.naaas autablis; the productiou oX butanediola nsT^^ 
. Bacinas lieheTil f ornn^, B^cillua pol-v^ , or ELebaiellu 
pTiRtmoniae i the production of Vtityx-ic w±C usi^ hMty^ ' 
^v?.^rio fibrif^ulvens^ the production of capxyUcT^id 

Ranibacteriu^ .o ..-^.-..^^ ^.^^ . the production of • 
caz-boxylio acid utiliziuB SMgg^ rogy,Cop5ls l±T.m.^ ia^, 
gpox'OloTnyces ocLop,,bj the production of formic ucldUBiJlE 
£2i2E22i3.JS2l}iSt£is? the production o.r fructose utilising 
| acillus me^tari,m > Pseudcmanue boroopoUia or Pseudomo»a« 

55 Jluoroaoena ; the production or gluconic acid uil^^^ 
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productioja of glucose utxli2Siln& TrlcliodBniia .lonp^ibraeh^ 
ia-triTTt) ; the production . of p-hydroxy beacaldehyde using 
O accharomyceH static; tlae production of single cell 
5 protein?! nti-lir-inff Artbro'bacter petrolcopliaKua , 

Artlirobacljer rub ellua , Artlrroba'^ t ct, . AspergiUuR j^itn^g^ 
atue, CjeLJuTn/nonas eartelyticuk , Coryaebacteri^TTri_ 'r^^ jj^ 
. ' okemae , Kluyurom yces fr aRilis moretiella crassiT>6 . T^ao^ 
bacterivun ciirfiatnom^ >;ycoobacte3?luliL petroj^cophiluia , or 
^0 Hooardic neoopaca , and -the production of XEjitlaan gum 
using, e.g..^ XanthaTnonas r-ampB3tris > The method of 
Dleotrostimulated fermentation iii^i^y be used 'in ^lie 
Xerjnentation of substratp.R to obtain .i/itamiaS| anti- 
biotios , ' and en&ymes, 
-1.5 Electro stiiinilated fermentaliSbn ale© fiiids utility 

in microbial cellulose digcctionj e*g», \d.tlL Po ly^^Tiw™ l 
cellulosum ; uletmizxg: metallic sutfaces,. e^^. ^- with. 
ThiobP.cilliis f errooxidans. qr {Dhiobaoillua thiooxids ms: 
degradation of cellulo^^?; degradation of nyanides in 
wnte vater, e^g. , with Bacillue subtilio^ Oorymebeuot? e xdum ^ 
or yocard .ia rub r op extinct a ; . degradation, pf 'ethylene 
glycol wl.th unid-entifieji bacterium, ATCO 270'l-25 degro^tion 
of chlorinfited phenol fimgicides; •degradatibn of systemic 
fungicides, e>g^t '>rlth ShizoDua .iapnnieus ; degradation 
25 of hydrooarbono, c*s*> with-Ajsj^e rgillus Vex-aioolor , 

Brettanomyoes ^etrophiluai ^- Candida ' p elry opBiluni , C^r^^^^fF 
tropicalis ^ Claclosporiua resinae ^ Cimnln^Lameila 
elegans t Eupeiiicilliu'ni zonatrum\ SaccharoijiycapnTj).g lipuly- > 
tica, or ^Ponilopsig pgtrophilua ^ degradalxibn of Qet fuel, 
30 e«g», Tffith Acre iflonium .strieLuju Al-fceniajMa- alternate^ 
Aspergillus juTni gairaR , or Clgidosporium xesiaae ; ' 
degi^dation of methanol, e..g,, with Ifansenula' polTmorpha ! 
degradation or n.Ti;r.i]e« in: waste waiter, e.g.V vith 
Alcaligeneg vi golacpia , Nocardi a ru bruglinata ,. or 
55 Bacillus subtilis : .df>grad?rt;ion of petroletua^ e*s*'witk 
ABperRillue aiareohaoid'iiun ^ Oandida pR rapsiiasis , * Otuxdidtt 
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troplcalis, Candida utllis. Cladoaporixun- dadosp nT^n ^ 

^otheoiian ver rac aria . Nocardla aoraTLlna , Wccardia 
iQ^ybeiula, Mocai-riia opaiji. l^ooa rdia T)arafflnMe , gonapdiA 
£iibra, r ^eilliuia , Erototaeca . Hhodotomla . Sao charo- 
5 myoes cervisiae, or SaooliaroiBycgpsis lipolvtiRa / the 
degradation of pbeiiul, e.g., with Sloeoporos dic h^ro^a, 
°* jgiotnil^onila glutinie; the degradutlon or wood.'; 
^ phosphate xtsaoval ixi sewage treatment, e.g, with ' 
OhryaospoariTm piuano2?um. Gootrich Ta m candldTim . Mgcar 
10 hienal i g , and Bie&ilomyces aaTm^.H. watet pollution 
cuirtrol» e.g., vrLth RhodotonOa F flutinis and Tj-lcho. 
theoiua roaevm; ' and fche prodJictio^ of dextrans hy the 
fennentation of smcTose, o.g., with Xeucono stoo meserrfc, 
e joid eg and Betaooccus ara-bino sai-enB. and' the production 
15 of lnraunopolysaccharid.es. 

a!he followins eacaarples ax-e illiistratiVR • 

Mftotroetifflulated and oonrentioaal fcimentations 
were carried out in a hatch reactor. 
20 (Che reaction hcpoth wae prepared by placing 1500 

• aillilitero of distilled water ia a stemized J litei*- 
heaker. Carbohydrates., water and natrients were added 
to the heakor ia the following duantitiea; 

Qliicose 220 gxeuna 

25 • ' 3'graa6 

K^ESO^ . 2.4 grains 

• 0.4 grams 
'DiBtilled Water to aake 2 litero 
^ ThftTeefter, a 200 milliliter portion uf the glucoai* 
eoxution ws ^^laoed in a sterilized container and I4 
erama cf Jleieclmaan«B Bolcer's .Yeast, Sacoharomyces 
Spvisae, was added thereto and stirred to fotm a slurarr 
The yeast-elucose slurry was divided iato two egjial 



30 



05/31/2001- 15:42 0064215505 RCCDTAX 

.0041373 

12. 

portioxiB of 100 millilitcro each and pub ' into* Vvu 'l llfcer 
eternised resin kettles* To each or the divided yoast- 
glucose slurries wex^e added 2*1 ^ajaa of ooru meal^ and 
700 milliliters of tlie glucose solution. . 
5 Ihe outlets of both reactora v/ere connected to 

wet test meters to measure the gas prodticRc)** one reactor 
wa0 run without eleotribal 6tijiiul&ti.on« ' 

(Ehe othe37 i^eactor had an electrode pa^jp of fnijo 
4 square inch 'etainless steel eleotrodcoi 4' ceoxbimetera 
iO apart « A si^uul generator vrae utilised to. generate a 

500 kilohertz, sizie wavo^ voltage signal; • A -^O inllivolt 
siKEial caused a cui-x'eiit of 1.5 milliampsres to flow^ 

Eight sijsiultaneous^. side-hy-side runs*v;ere made, 

with one x^eactox- ha^iii^ t^lecti'^ical. sLinula.Lion and the 

* • • • 

15 other reactor "beinB nnBtimilated. 

She results slioVai in Table I* b'eli^Vt -n^re ott^dned.; 

TABUS I • * • . 

COMFAHISON OS' ELECTEO-STIMDIAIED- PEEMZmOJIQir ICTJH 
■ ' COITYEHTIOmL JERrJSjrgA-DlO]? 



20 


lengbli 
or Jjflin 


Curreat 
Cmilli- 


. • Moles of 
Etliauiol'^ 
STTonulatcd 
i.Be± euro- . 
matograpjjic^ " 


Holes o£ 

Efcbfioiop.- 
- Unstiiaala-bed 
. CseJ r.tiro- 




26.5 . 




. 0.476 • 


0.iJ56 . 




•19 


1,25 • ■ 


. ■ G.5O6 


■• 6.475 • 






1-5 


. .0.561 


0.469 


* 






0,967- 


0.950 






2-25 


o.fwo • 


D-855 




27 




0.420 . . ■ 


• 0.590 




43.4- 


1-5 -6.1 


. 1.14 • 


• 1 .16 ' 




25-5 


2.25-6.5 • 


. 0.715 ' ■ 


0.707 • 



Electrogfci rmO at ed rermentation was daxried out in 
33 ^ hatch x^eactoxr to dabeualne the effect of curxeixt end 
f.TeQO.«ncx» ' . 
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^ !Che reaotion broth yr^s pi-ep^red 1,7 placing one 
IxLer OX distilled vat«T» in a storilieed bcoker 
Carbohydz.ato8, vater and nutri«uts were added 1:0 the 
teaker in the rollowing quantities.- 



Suorosc 



100 grams/liter' 



^^^^ 1-5 63?**™s/liter 

(I!H^)2B0^ 3.1 grams/liter • 

SgHPO^ 1,2 grams/liter 

XHgK)^ 0.2 6rsas/liter 

Distilled water • 

1.2 liters ct the solution we5?e placed ia a 1-5 li*«^ 
apeflia kettl*. ^ ^ 

Therearter, 7.0 scams of Pleischoaim's dried Baker'o 
Teast, saeciao^m^aes oorevioiae, vas poured ou toi. oX the 
15 reaction broth. Th« reactor vas then closed, with gas 

venting through a wat^r coal babbler. -Ihe fixture -^ws ' 
allowed to stajid Tor 18 hotixs, 

Ulhereafter, at 2^^ hour intor^^a, the alur.^ 
removed from the reaoUur by aspiration and filtered to 
20 recover rhe yeaat r.«ke. Ifhe yeast cake was added to 1 O 
• liter of freeh reaction bax,Lh and returned to the kettle, 
mch was sealed with « .gas vent to a burette of 1 percent 
aulfurio aoid and at^ed for 5 iainute«. ^ 

.5 '.^ ^^.^r ''""'^ ^^^^ readinea were tien 

'-5 ^^o-^^i^^lfWiatcrrala. and used to calculate a 
. base gas evolution rate. Ro. Thereaf^rer, electrical 

stxmulation was commenced. Pour -gu^ volume readinge were 
taken at half huuL- intervals beginniiig one hour after 
electrical stimulation, and ucod to calculate a test • 
evolution rate. It^ ■ Pox- ihe fermentatioa ^mh elentro- 

^, evoxurioa rate. pos» the 

fermentation without electrostimulation, ^ i^ the gas 
evolution rate measured simultaneouely v;ith and calculated 
an the same vay as th^ evolution rate lor elecfro- ' 
stiaulation. • After thr«« hours of electrical stimalation 
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the carreut was irurned off for- 19 Taovoea , and th.ezi 
reaction alvxry removed eis desuxobed a'bove, 

>;ao)i e.n.ectrode was a nickel wire, 0.63 millimeters 
dieoneteri spiraled twice axouad a. Tour IncH ClO cm) long, 
3 millimeter diameter glans rod. 3<b.e electrodes wez<e 
opaood 6«5 to 7.0 centimeters apsLrt. Yultage was 
provided by & USynaRcim 5010 runctlon generator. 

Ihe eTf ect of applied electrlual Xield was as showxL 
in Table IT belnw; 

(DABia II 

EFS^SCO} OF APH)SI) CUBHESS C^(C 100 KTLOHBSTZ) 
ON t4/lS KVOIilFI'IDN • 



Ciarretxt 
(milll- 
amperoo) 

0.15 

0.15 

1.5 

1.5 



(withcat 
circre atj 

•1-05 

0,92 

• 1.01 

0.98' 



(wi«i 
cu rrent^ 

1.15 
1.02 
1.13 
1.17 



(I2g/Eo)witli 
currant 
CiU/liD) vrithout 
current 



1.10 
1.11 

i.:ia 

1.19 

<Eh.e . effect of f rcgaoxicy was as shown in Table 1X1 



below: 



EFJ!EC!D OP 7I!EQ>tlZIICT (AH? 0.15 MILLIAKEEBES) 
• m GAS BVOIOTIOH • 



Jflpecpiency 
CJsxlotiertzi ) 

10 

100 
100 



(wj.thout 

0.85 
1.05 
0.92 



(with 

0.92 
1.15 
i.02 



(lU/Eo) with 
ouCTcnt 
(itjj/Koj wj-nnoiit 
ourrent 

1.11 

1.10 • 

1.11 



EXAMKLK TTT 

Fezmentation of elucose with s.cervlBiae was carr^ad 
55 out with and without electrical etiamlatlon. 
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A brpth was prepared cbntaiaiag 220 grana of 
•BlTiooDC, 7.5 grams or S.cerevlsae . .10 crams of m CI 
22 gra«,a olT N^EPO^ « 7 B^O, 12 grauu, or KH-Po^, ' ' 
1 srom or MsSO^, an^ o.O^ grams or Cacn^, a^d dictilled 
watei to raaire two lit ere. • 

Ihe bratli was divided in1:o l.wo portione and placed 
• ^ f!"^^'"''' "^^^ Both kettl.« were stirred 

coataauouBly vith a nagiietic Rtirrer. Qae kettle • 
intended for el«etroBti.«ilatioa. Had an electrode 'paiT», 
BaoH electrode was a 0.65 mllllmetar rti«neter nickel 
wire spij>P.led twice arourid a four iacb (10 cia)loiis. 5 ' 
millimeter diametei-, glass rod.- 'i'he ftlectrodes veM 
spaced 6-5 to y.O millimeters apaarb. " 

Ths £ermsntatioai wa« carried, out at 50 degi-e^s ' 
Oexiligrade lov 23.5 Honrs/ a si^ generator was 
utilized to seacrate a 30O kilolierUa. ^ millivolt, sine 
wave signal, aaie results shown "below were obtained- 



. ELEOaJRIOAJ, 
SIIWDIA.'PTOrr 



. JEEQTJENGT 

CnSSEST ■ ' ■ ' ' 

HSiriAI, XEiST (GHAMB/ 
■- " • LITER) 

IHIT2AL GiflJOOBT; ( GRAM S/ 

LIDBH) 

IPTITAT, GlUCibsB . (GEA.M5/ 
• LITER) 

TNITIAl AICOITOL CGRAMS/LEEER) 

JlMl AKJOEOi, (GEAHS/ilTES) 

GRAHS OS YSA-SI/GRSHS OP 
GLUCOSJ-^-HOim 



5-4 
8.8 

108. 9 

0,? 



GRAMS OP AiOOnOL/GRAJlS 

, OP GIiirCOSE-HOOE 
GRAMS bp ALCOHOI/GRAJIO 

. OF •m.S'i' (Jmiu,) 



2.18 X 10' 
i-71 xlO 

4.87 



3 

.-2 



WITH 
EIEOTRIOAL 

sa?iMmAgxoir 

500 kilohertB 
1»5 willisaaperes 

:J.5 

IOS.5 

<0.20 

.. 0!,.a 

2.85 X 10~5 
2,18 3c 10"^ 
5-72 
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CM*.?. COUIO! OP 200 SQmSES (three jpipottc seuopXes per 
kettle) • 

SAKFUS 1 660 * 865 

flAMPIiE 2 739 89i> 

5 SAPEPEE 5 632 . * 804 

HE&H . 677 Sii^ 

WklKJB 107 91 

BXAHmBD HEVI&TIOlSr 63 ^3 

to siAimm) DBviATioir 9.3 6.2 

TIIFEEEENCE IN IlE/UirS I7B 



26 4 7JS EEZATIVE 



• (at 1 djandord devxa-tlozi 
i.5 (Tl is tlie stranded • level) 

• deviation aad nj^ is the 
mmber* of replications) « 



OStie student's "t" test was applied lo tlie cell ' 
cotmts. A Qt or 5-79 w5.1:h a probability of 0.02 was . j 

20 olyfcained. That io, tlie probability* that random errors ^ 
vould result in Llie 26?i relative diXference observed 
was Xbbb tlxan 2 percent. 
• * TPCANPIiE IV 

A series of tests were condnottid to oompore 
Z3 eleotrostluiulaLed Xei.iaentation wltli conventional 

'I'e-rmeTitation. For eacli test a siinple nutrient solution 
was prepared- A portion of the nutrient solation was 
.withdrawn to rnalre a yeai^t solution. (Dhe remainder of 
the nutrient solution was •divided into two equal 
50 portions dnd placed into two identical laboratory 
ferment ere. Both ferment ere had on electrode pair. 
Pleiechmaiin's Baker's Teast, Saccharomyoes cervisiae ^ was 
slurried in the remainder of the Dingle nutrient 
soluUioii* The nutrient solation, oontainlng the yeast, 
55 was divided in half. Egich half was placed into one of 

the two identical laboratoxy fexmenters, A voltage i 
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signal was applied acroaa one Bolutlon oiily of the T,a±P 
solution ^iPiaplea w^i^ nirrulWou^ly l^en ft-om Uoth ' 
oolutioM of tlie pai^. Difrerencee between the two 
tftrmeatations of a pair were attriTjuted to electro- 

5 otimulatiort, while dirrerences between ecto of pairs or 
fenaentations vero attributed to conditiona of the 
mtrient and Hmoculum smarts ons prior to oo^niencing 

. the tests. • 

Por eabh lennentation a resin kettlo fermenter was 
10 us.d kettle fermenter had anlnside dian,«ter 

. - of 10 centimeters, a depth' of l>- centimeterB , and was 
• sealed on top. Each rccin kettle ferinenter had a saa^pl*. 
probe, a pa j?robe. a mechanical stirrer, a sodium hydroxide 
inlet, a gas outlet, and an electrode pair. The 
1.5 electrodes vere a pair of two inch (5 cm) by tvo inch 
. . ^5 cm) stainless, .rteel plate electrodeo opaced two inches 
V5 om) apart. 

A gluccSB solution m prepared by addins order- 
Glucose. 220 grams. 

iia3BP0^. 7^0 22 grams 

■ • ' • 0-04 sraa 

' • • ; "to make 2 liters 

. ^^'^^ Sl^*'"^*^ aolutxon was boiled, end the ph wa« 
. ttdausted to pH— 5 vith HjK)^. 

... V^"* ^^"^ prepared by withdrawing 200 
nalliliters of the glucose solution. rr 
grams of 1-j.eischmanais Bakerio Yeast fiaccharc£jC^'" 
into the nutrient. 
Each test was conmenced by dividing the nutrient 
solution into txfo soo mllliiiter- portions and placing 
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OTift porbf on of tlie iuitrieat salutipzi iaito cdcJx zreaxn 
kettle .fenaeabeo:. , Tliereafter ttte slurry "of yaast wnd 
nutrient was divided into two 100' aiHiliter portions. 
One pox'tiou or tlie yeast-nutrrleali 'GIuxoct' nva'is added to 
each of thi? pesin kettles. 

Th^ X'osiu keUUlea wer.e maintained at 'a teTHpftTature 
o£ 30 degrees Centi^nade 'by isunercibn i!n a water l>atli. 
The pfl waa maintaLutjd between pH 4^.7 aad PH 5*2 by 
^^cldition oX aqueous HaOH. iJi ©acL. ram a- 300' kilolierta, 
1,5 lailliampere, 50 milli^uli siRiuil v/as* applied across 
tlie electrode pair in oue kettle. jTo: Sisnal wa^ applied 
to tlie electrode pair in the other, kettle ^ 

'i'nfi ro3lovf."ng >?fifiults wez^ obtained? 





Serb 1 










15 


EIAPSSD 


iro 




CUEREEKC 


20 


TIKE . 


Ale olio 1 
liter) 


• - liter) 


• SbSyl-. 

' Alcohol 
CgzniB/ 
liter) 


Glucose 

liter) 




1.25 


1-17 


98 


■ '-^S 


100 




5 


1.S7 




• 1-96' • 


98. 




6 


5.28 


78 • 


5-72 


79 




25 


■ 51.0 


• • <6-25 




• <0.25 



Final Ycost 
Cgrms/liter) 

Set 2 



HO GTJBBEHT 



2.63 



(ho\a?B) 


Ethyl .• 
Alcobnl 

, 


Glucose ' 

Csniis/ 
.liter); 


- Sbhyl 
Alcnhnl 

Cgrms/ ■ 
liter) 


Glucos* 

liter') 


1 




'• 96- ■ 


.0.09 • 


103 


2 


6^55 . 


•85 . 


0.71 


96 


4.5 . 


2.7 


78 


.2.2 


7e • 


6.5 


5.6 • 


72 


6.9 * 


64- 


28 ■ 


iiO.2 


<o.25 • 


• 57.0 


<0.25 



40 



(gnas/liter) 



0.466 



0.504 
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Set 5 

OJIME 



1 • 

6 
22.5 

Piaal Yeast 
(grms/.liter) 

Set fc - . 
TIME 



19- 
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Ethyl 
Alcohol 

liter ) 
5-0 

0.5 

22-9 

37.9 



&lxicose 

(gnus/ 
liter) 

67 
87 

19 
<0.25 



9.0 



1 • 

2 • • . 
3 

4 
5 
G 

7 
8 

9 
21 

risal Teast 
Csms/litex) 



, Alcohol 
(gnns/ 
liber) 

G,7 

2-9 

5.1 

5.2 
11.6 
15.7 
24.8 

51.9 

8,9 



Glucose 
liter) 

105 

98 

84 

78 

GO 
00.2 

-3" 



CO-25 



CURRENT 



J?t;liyl 
Alcohol 

lltar ; ) 

5-5 
11.0 
28.0 
37-0 
48.7 



'CfJ,ncose 
(Kims/ 
•liter ) 

88 

70 

^5 
19 



9.8 



CTOBEHn? 



Ebhyl 
Alcohol 

literS 
0,5 

3-4 

10.5 
19.9 
27-1 

32,0 

51.0 

56-d 



Glucose 

Csrins/ 

literS 

no 

• 95 

92 
•62 

62 
10.3 

-3 



<0,25 



9.6 
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Set 5_ 

ELAPSED HP OTOBEKT CUBBEHT 

TIM E , . • 



5 




Alooliol 
(gros/ 


(grme/ 


Alcoliol 

J- J-tejr J 


Glucose 
(beds/ 

». XT' KT J 




1 


1-0 


109 


. 1.1 


107 




2 


E-O 


90 


2.8 


97 


10 


5 


* 4.9 


81 


5.1 


83 




4 


9.5 


00 


0.0 


60 




5 


17.0 


70 


17.3 


69 




6 


19.1 




17.7 


56 




? 


21.7 


35 • 


<?4.0 


39 




e 


32.4 


21 


57-1 








41.4 


. 4 




<0.25 



. Final reast 

(gims/liter) 9-9 10.5 

• ' While "Ulie inveatioa* has "been described wibli respectr 
20 to certain exemplifications and embodimants^ tHat is 
MTl'tli respecb to cert2Lxn mi.cro'bes, ^•c-i bacteria ^ 
actinomycetea, Tlmgi and yeasts, certain substrates^ 
l«e»i liydroca.r'bons, and carboliydxates , asd certain 
. products, it is not to l>e so limitedt except as in tlie 
25 cloisc appended hereto. 
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CTJLIKS 



lo A method of fornentine a sttbstr-a-ts wl-l/h. a 
microorfc'auiism by rornlng a broth comprisijis the substrate ' 
and the- adcraoi'saaiBin, and forming .a f ermeirta Lion prodiict ! 
5 thersfroai characterised'. In. that .a fermentation BtimvOat- ' 

i»6 eleotrioaX ei^jml.io Imposed across the brotii» 
-* ' A jaetltod according to claim 1 Rharaoterised 

in that the mioroorsaniem io ycaat,. aotinomyceteB, 
bacteria, or. unlcelliaar "blue-grafin.aleas- 
"^^ 3« A. method aeeording to claim 2 ctharacfcerised 

in that the. yeast is a SaoehaTQinvQideap nr a SH^rv>.a>»^ 
oinvees cervlsiae» 

■ ■ • 4« A me biiod accordilxg to claim t , X or 5 
• '.characterised in that the eabetratc ia a cerbohydrate, 
. 15 hyds^carbon or atuinc> acid, 

5. A method according to olaia 4 characterised 
itt that the' carboiiirOfale is glucose, Iructose or 
msnnose. 

6. A method accMJi-din« to claim 4 characterised 
20 an that the carbohydrate ie a polysaeoharide, 

7o A luetJiud according to any of claiB3 1 to 

6 charanterl.sed in that the electrical signal ie 
on altornntins current signal or a pulsed dii'ecb 
current signal. 

25 8« A method according to any of fti g^n t* ? 1 to 7 

. . ehatecterlsed in that the electrical signal has a 
ftequenoy of O.I kiloher-lta to 10 megaherta, 

9. - A method according to any or claijsia l to 

7 wherein the eleetricel signal has a freouency of 
•30 1 3silohei-tz- to 1000 IdiohertZo 

10. A method according to any of oljiinso 1 to 

9 oharaoterieed in that the current per unit of inter- 
el eetrode volume dLs'-from 1 ac 10"^ to 30 x 10^ ailli- 
amperetj pear cubic centimeter, . 

11. - A nKthod according -to a>ay of claims 1 to 10 
chapactcriBed- in that the curreat per tuxlt or Droth is 
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from 1 X 10"* to 50 a 10"* mini amperes per cable 

12« A znetliod accorajLiig to guy of claims 1 to 11 
characterised in that the curreixt density is from 2 ac 
5 10**^ to 50 T, 10*"^ milllfciiapertis per sq.uare centimetcra • 
k method ar.nnTflirjiT to any of claims 1. to 12 
chorafctcrioed in that the voltage flux is Ool to 3 
millivolts per nenti meter • 

14o A method ecoorddLng to any of claJLiuti 1 to 13 
10 "characterised In tTiat the Interelectrode jower diesipat-r 
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